. Application of (-)-bicuculline methiodide resulted in the abolition of spindle waveassociated IPSPs or in the slowing of the rate of rise, an increase in amplitude and a prolongation of these IPSPs; this resulted in a synchronized 2-4 Hz oscillation, in which each relay cell strongly burst on nearly every cycle, thus forming a paroxysmal event.
1. The cellular basis for generation of spindle waves and a slower synchronized oscillation resembling absence seizures was investigated with extracellular and intracellular recording techniques in slices of ferret dorsal lateral geniculate nucleus (LGNd) maintained in vitro.
Intracellular recording from
LGNd relay cells in vitro revealed that spindle waves occurred once every 3-30 s and were associated with barrages of inhibitory postsynaptic potentials (IPSPs) occurring at a frequency of 6-10 Hz. These IPSPs resulted in the generation of rebound low threshold Ca21 spikes at 2-4 Hz, owing to the intrinsic propensity of LGNd relay cells to generate oscillatory burst firing in this frequency range. These rebound bursts of action potentials were highly synchronized with local multiunit and single unit activity.
The spindle wave-associated IPSPs in
LGNd relay cells exhibited a mean reversal potential of -86 mV. This reversal potential was shifted to more depolarized membrane potentials with the intracellular injection of Cl-through the use of KCl-filled microelectrodes.
Simultaneous recording from the perigeniculate nucleus (PGN) and
LGNd revealed the IPSPs to be synchronous with the occurrence of burst firing in the PGN. Excitation of PGN neurons with local electrical stimulation after pharmacological block of excitatory amino acid transmission resulted in bicuculline-sensitive IPSPs in relay neurons similar in amplitude and time course to those occurring during spindle waves. 4. Application of (-)-bicuculline methiodide resulted in the abolition of spindle waveassociated IPSPs or in the slowing of the rate of rise, an increase in amplitude and a prolongation of these IPSPs; this resulted in a synchronized 2-4 Hz oscillation, in which each relay cell strongly burst on nearly every cycle, thus forming a paroxysmal event.
Bath application of the GABAB receptor antagonist 2-OH-saclofen blocked these slowed oscillations, indicating that they are mediated by the activation of GABAB receptors. In contrast, pharmacological antagonism of GABAB receptors did not block the generation of normal spindle waves. 5. These and other results indicate that spindle waves are generated in the ferret LGNd in vitro as a network phenomenon occurring through an interaction between the relay cells of the LGNd and the GABAergic neurons of the PGN. We propose that burst firing in PGN cells hyperpolarizes relay neurons through activation of GABAA receptors. These IPSPs result in rebound burst firing in LGNd cells, which then excite PGN neurons. Block of 6T Bal, M. von Krosigk and D. A. McCormick Synchronized oscillations occur throughout many parts of the nervous system, including the cerebral cortex (Steriade, Nuiiez & Amzica, 1993b) and thalamus (Andersen & Andersson, 1968; Steriade, McCormick & Sejnowski, 1993a (Morison & Bassett, 1945; Villablanca, 1974) . Intracellular recordings from thalamic relay cells reveal spindle waves to be associated with barrages of inhibitory postsynaptic potentials (IPSPs). These IPSPs result in the occasional generation of rebound low threshold Ca2" spikes, thereby causing barrages of EPSPs in cortical neurons and generating the spindle waves of the EEG (Andersen & Andersson, 1968; . The nucleus reticularis thalami (nRt) forms a shell of GABAergic neurons between the thalamus and cerebral cortex, through which thalamocortical and corticothalamic fibres pass (Jones, 1985) . The nRt is heavily innervated by collaterals from thalamocortical and corticothalamic fibres and in turn innervates relay cells in the thalamus (Ohara & Lieberman, 1981; Harris, 1987) . The perigeniculate nucleus (PGN) is an anatomically distinct portion of the nRt that is interconnected with the dorsal lateral geniculate nucleus (LGNd). The IPSPs arriving in thalamic relay cells during spindle waves have been proposed to be generated by burst firing in the GABAergic neurons of the nRt/PGN (Roy, Clercq, Steriade & Deschenes, 1984; Steriade, Deschenes, Domich & Mulle, 1985) . Chemical lesion of the nRt, or physical disconnection of the nRt from the thalamus, results in abolition of spindle waves in the thalamus and cerebral cortex (Steriade et al. 1985; Steriade, Domich & Oakson, 1987;  Buzsatki, Bickford, Ponomareff, Thal, Mandel & Gage, 1988; Buzsaiki, 1991) . In addition, intracellular and extracellular recordings from nRt cells during spindle waves reveal bursts of action potentials, the interburst frequency of which is similar to the frequency of IPSPs in relay neurons (Mulle, Madariage & Deschenes, 1986) . Based upon these results, spindle waves have been proposed to be generated through an interaction between the intrinsic membrane properties of thalamocortical and nRt neurons and their interconnections, although the precise details of the contribution of each aspect of this network have remained unclear Buzsaki, 1991) .
Absence seizures appear in children as a highly synchronized three cycles per second spike-and-wave discharge in the EEG and electrocorticogram (see Niedermeyer, 1990 ). Animal models of absence seizures suggest that the cellular mechanism of generation of these events is related to those underlying spindle waves (reviewed by Gloor & Fariello, 1988; Avoli, Gloor, Kostopoulos & Naquet, 1990 (Crunelli, Haby, JassikGerschenfeld, Leresche & Pirchio, 1988; . Together, these results suggest that the interaction between GABAB receptor-mediated IPSPs and the low threshold Ca2+ current in the thalamus may be crucial to the generation of spike-and-wave seizures.
Recently we described the occurrence of spindle waves in slices of ferret LGNd maintained in vitro and the conversion by GABAA receptor antagonists of these spindle waves into a slowed, synchronized oscillation, resembling in many regards the spike-and-wave discharges of absence seizures (von Krosigk, Bal & McCormick, 1993 ).
Here we examine further the properties of spindle wave generation in the ferret LGNd in vitro and the conversion of these oscillations into a slowed oscillation through the block of GABAA receptors.
METHODS
For the preparation of slices, male or female ferrets, 3 months to 3 years old, were deeply anaesthetized with sodium pentobarbitone (30-40 mg kg-' i.P.) and killed by decapitation.
The forebrain was rapidly removed and the hemispheres were separated with a mid-line incision. Slices (400 ,um thick) were cut Spindle waves in LGNd using a vibratome (Ted Pella, Inc., Irvine, CA, USA), typically in the sagittal plane, but occasionally in the horizontal or coronal plane. A modification of the technique developed by Aghajanian & Rasmussen (1989) was used to increase tissue viability. During preparation of slices, the tissue was placed in a solution (5°C) in which NaCl was replaced with sucrose while maintaining an osmolarity of 307 mosmol F-'. After preparation, slices were placed in an interface-style recording chamber (Fine Sciences Tools, Foster City, CA, USA) and allowed at least 2 h to recover. The bathing medium contained (mM): NaCl, 126; KCl, 2-5;
MgSO4, 12; NaH2PO4, 1P25; CaCl2, 2; NaHCO3, 26; dextrose, 10; and was aerated with 95% 02, 5% CO2 to a final pH of 7 4. For the first 20 min that the geniculate slices were in the recording chamber, the bathing medium contained an equal mixture of the normal NaCl and the sucrose-substituted solutions. The intraspindle, and particularly the interspindle, frequencies, as well as the duration of each spindle wave, were sensitive to bath temperature. Reducton of the bath temperature decreased the intraspindle frequency slightly, increased the duration of each spindle wave markedly, and shortened the interspindle period.
A bath temperature of 34-355°C was found to be optimal for studying the cellular basis of spindle waves in vitro. Following the 2 h of recovery, extracellular multiple unit recordings were performed from multiple locations in each slice to determine the prevalence of spontaneous spindling activity. Spindling activity was observed in at least one LGNd slice in more than 95% of experiments. Typically, each hemisphere of the ferret LGNd yielded two to three slices that exhibited robust spontaneous spindling activity. For extracellular recordings in vivo, 4-to 6-month-old male or female ferrets were anaesthetized with sodium pentobarbitone (30 mg kg-' i.P.) and mounted in a Kopf stereotaxic device. Rectal temperature was maintained at 36-37°C using circulating water thermal blankets and the animal's electrocardiogram was monitored. The LGNd was located both through stereotaxic co-ordinates (11P5-13 mm anterior to lambda, 5-6 mm lateral to the mid-line, 7*5-9 mm below the surface of the cortex) and by testing the response to flashes of light generated by an opthalmoscope, directed at the contra-or ipsilateral retina. (Horikawa & Armstrong, 1988) . In addition, the location of the perigeniculate nucleus was confirmed through immunocytochemical staining for GABA (Schwartz & Meineke, 1992 Andersen & Andersson, 1968; Buzsatki, 1991 Jahnsen & Llinas, 1984a, b; McCormick & Pape, 1988) .
Nine of the remaining thirteen neurons exhibited either morphological (n = 4) or electrophysiological/pharmacological (n = 5) properties typical of intralaminar interneurons (see below; McCormick & Pape, 1988 Spindle waves in LGNd
Huguenard & Prince, 1989; Huguenard & McCormick, 1992 The occurrence of a low threshold Ca2+ spike was often associated with a decrease in the amplitude of the following IPSP ( Fig. 2B and C) . Likewise, the occurrence of an IPSP appeared to result in a shortening of the duration of the preceding low threshold Ca2+ spike. For example, comparison of low threshold Ca2+ spikes that were not followed by an IPSP with those that were ( Fig. 2C ), or comparison of rebound low threshold Ca2+ spikes generated in response to removal of a hyperpolarizing current pulse with the Ca2+ spikes occurring during spindle waves (Fig. 2D ) suggested that the IPSPs decrease the duration of the Ca2+ spike.
In an effort to explain the frequency of spindle wave generation (6-10 Hz), the average duration of each of the different components was measured in thalamic relay neurons and perigeniculate cells (see Bal, von Krosigk & McCormick, 1995) . Spindle wave-associated IPSPs that were not followed by rebound low threshold Ca2+ spikes in the three cells in Figs Ca2+ spike, the delay from onset of an IPSP to the first spike in the rebound burst was 137 + 1P92 ms (n = 124), owing to the overlap in Ca2+ spikes and IPSPs. The average duration of the low threshold Ca2+ spikemediated burst of action potentials during spindle waves was 9-9 + 0-51 ms (n = 106 bursts (Fig. 4A) . The arrival of a spindle wave during this delta frequency rhythm resulted in the continuation or slight increase in frequency of the rhythm (Fig. 4A-C) . However, during spindle waves, the timing of the burst firing in the single neuron came to be in marked synchrony with local neuronal activity, while before the spindle wave spontaneously active neurons did not fire synchronously (Fig. 4A-C) . Intracellular recordings from thalamic relay neurons and comparison of the intrinsic delta rhythm with spindle oscillations confirm and extend this finding (Fig. 5 ). Removal of a prolonged depolarization in thalamic relay neurons is typically followed by the generation of the 'clock-like' delta rhythm, owing to the deactivation of the hyperpolarization-activated cation current (Ih) by the current-induced depolarization ( A, intracellular injection of a prolonged depolarization (26 s) to remove activation of the hyperpolarization-activated cation current, Ih (McCormick & Pape, 1990) , is followed by rhythmic burst firing in the frequency range of 2-3 Hz. At the end of rhythmic burst firing, the neuron received barrages of IPSPs associated with spindle wave generation in the cellular network. These IPSPs resulted in the generation of rebound low threshold Ca21 spikes at a frequency similar to that generated through intrinsic membrane properties. B and C, comparison of the response of the neuron during the arrival of IPSPs during spindle wave generation and in response to the repetitive intracellular injection of short duration hyperpolarizing current pulses (current trace shown on bottom). In both cases, the neuron responds with rebound Ca2+ spikes at the intrinsic delta frequency (0'5-4 Hz) range.
J. Physiol. 483 . 3 648 examining the intrinsic rhythm illustrates the similarity in the frequency of Ca2+ spike generation in the two situations (Fig. 5A) . Similarly, intracellular injection of repetitive (5-10 Hz), short duration (60-80 ms) hyperpolarizing current pulses to mimic repetitive IPSPs also resulted in rebound low threshold Ca2+ spike generation at the delta frequency ( Fig. 5C ; n = 5), as has been previously observed in vivo (Steriade et al. 1985 ).
-57 mV (McCormick & Huguenard, 1992) .
The average reversal potential of -85-8 mV is substantially more negative than previously reported for Cl--mediated IPSPs in thalamic relay neurons (Crunelli et al. 1988; Thomson, 1988 (Fig. 8A ).
In addition, intracellular injection of a hyperpolarizing current pulse into this relay cell resulted in a rebound burst of action potentials that was then followed by a burst of action potentials in a PGN neuron (Fig. 8B) . LGNd relay cell during the generation of a spindle wave just after impalement of the neuron with a microelectrode containing 3 M KCI. B, illustration of the response of the neuron during spindle wave generation after intracellular injection of Cl-had shifted the equilibrium potential for CF_ (E.,) to more depolarized levels. C and D are expanded portions for detail. E and F, response of the neuron to local application of GABA before (E) and after (F) intracellular injection of CF-. J. Physiol. 483.3 Alignment of the recordings according to the generation of the first action potential occurring in the PGN cell revealed a hyperpolarzing event in the LGNd relay neuron (Fig. 8C) . The latency of this hyperpolarizing event followed exactly the latency of burst firing in the PGN neuron (Fig. 8D ) and failed to occur when this PGN cell did not burst (Fig. 8E) Figure 8 . Influence of PGN activity on relay neurons A, simultaneous intracellular recording from a relay neuron and extracellular multiple and single unit recording from the PGN. Intracellular injection of a hyperpolarizing current pulse in the relay neuron is followed by a rebound burst of action potentials, which is then followed by a burst of action potentials in a PGN neuron. During the generation of a spindle wave, the relay neuron receives barrages of IPSPs in synchrony with bursts of action potentials in the PGN neurons. B, expansion of the response of the relay cell to the hyperpolarizing current pulse, the PGN cell bursts, and the subsequent IPSPs in the relay cell. C, overlaying 5 simultaneous PGN/LGNd recordings illustrates the time course of the IPSPs. Traces were shifted in time so that the first action potential in the PGN cell matched for each recording. D, the onset of the IPSP was delayed when the onset of the burst in the PGN cell was delayed, suggesting that they were related. E, when the PGN cell failed to burst, the feedback IPSP also failed, again confirming the reciprocal relationship between the relay and PGN neurons (4 examples are shown). these results indicate that the hyperpolarizing event is an IPSP generated by activity in PGN neurons, presumably from the burst of action potentials in the one PGN neuron recorded extracellularly.
To examine the possibility that activation of the PGN may result in the activation of GABAA receptor-mediated IPSPs in relay neurons, PGN neurons were activated with local electrical stimulation while recording intracellularly from an LGNd relay neuron (n = 8). Bath application of 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX; 25 /SM) and D-(-)-2-amino-5-phosphonopentanoic acid (D-AP-5; 60/tM) prevented the activation of neurons through excitatory amino acid receptors. Direct activation of the PGN resulted in two phases of IPSPs separated in the temporal domain in LGNd relay cells (Fig. 9B) . The first component was rapid in onset and may represent the activation of the axons of PGN cells (Fig. 9B) (Fig. 9B) . This second component presumably represents burst firing in one or more PGN neurons. Local application of (-)-bicuculline methiodide (200 /tM) resulted in near complete abolition of these IPSPs in the thalamic relay neuron (Fig. 9C ) in a reversible manner (Fig. 9D) D, wash-out of bicuculline is associated with recovery of both phases of IPSP barrages. Data were collected at a membrane potential of -60 mV. (Guillery, 1966) , since they possessed numerous filiform appendages and 'axon-like' processes extending in a cylindrical manner in the local neuropil (not shown). This type of interneuron was typically recorded within the boundaries of the A and Al laminae. Intralaminar interneurons were only mildly influenced by the generation of spindle waves in the local region of the slice, exhibiting small (1-4 mV) and slow depolarizations ( Fig. lOB and C) . These small depolarizations were associated with phasic events similar to EPSPs (Fig. tOE) . Although, at some membrane potentials, the depolarizing events could generate a few action potentials in the intralaminar local circuit neurons, at more depolarized levels, these small depolarizations generated only small increases in the frequency of action potential discharge ( Fig. 1OA and D) . At more hyperpolarized levels, the depolarizing events were subthreshold for generation of action potentials ( Fig. 1OC and F (Fig. lID and F) . Comparison of these glutamate-induced EPSP barrages in interlaminar neurons with those associated with bursts of activity during spindle waves indicated that they wrere very similar (Fig. 11 D-G) . Together, these results suggest that interlaminar neurons possess electrophysiological and anatomical connections similar to PGN neurons (see Bal et al. 1995 (not shown). Extracellular single unit and intracellular recordings revealed that this slowing of the intraspindle frequency of the synchronized oscillation was associated with a large increase in the number of action potentials generated during each cycle of the oscillation from a maximum of five to a maximum of eleven spikes, an increase in the percentage of IPSPs followed by rebound burst firing, and an increase in the amplitude and duration of the hyperpolarizing potentials occurring in between the low threshold Ca2+ spikes (Fig. 121 ) and E).
Comparison of the time course of IPSPs occurring during spindle waves, before or after the generation of rebound low threshold Ca2+ spikes, revealed that bath application of (-)-bicuculline methiodide resulted in a slowing of the rate of rise of the IPSPs and an increase in their duration ( Fig. 12F and G) . Before the application of bicuculline, IPSPs that were not followed by a low threshold Ca2+ spike were 175 + 2 ms (it = 63) in duration with a 34 + 1 ins (ar = 68) delay to peak. Following the full effect of bicuculline, the IPSPs displayed an average duration of 343 + 5 ms (71 = 34) at depolarized membrane potentials ( Fig. 12C and G) and an average delay to peak amplitude of 169 + 4 ms (n = 42). TY Bal, M. von Krosiz polarization associated with the slowed oscillation decreased markedly with depolarization (Fig. 12 ). This decrease is likely to be the result of decreases in apparent input resistance associated with depolarization in thalamic neurons (see McCormick, 1992) , although decreased contribution of the hyperpolarization-activated cation current Ih to the after-hyperpolarization may also have contributed (McCormick & Pape, 1990) . (Fig. 13) . The large amplitude, slow kinetics and resistance to bicuculline suggest that the IPSPs remaining after complete block of GABAA receptors are mediated by GABAB receptors and involve the activation of K+ conductances. To examine this hypothesis in more detail, we recorded
LGNd neurons with KCl-filled micropipettes in order to separate Cl-and K+ equilibrium potentials clearly. Under these circumstances, spindle waves were associated with the occurrence of depolarizing events that appeared as reversed Cl--mediated IPSPs (Fig. 14A and  B) . These depolarizing events were composed of repetitive events arriving at frequencies of 300-450 Hz (Fig. 14B) , similar to burst firing in PGN neurons and the barrages of IPSPs seen in relay neurons following direct stimulation of the PGN (Fig. 9 ). Local application of the GABAA receptor antagonist (-)-bicuculline methiodide resulted in an abolition of these depolarizing synaptic events and an abolition, in this slice, of spontaneous spindle waves. However, electrical stimulation of the optic radiation resulted in the generation of a slow, synchronized oscillation associated with large, slow IPSPs and rebound Ca2+ spikes (Fig. 14C ). These IPSPs were subsequently blocked by bath application of the GABAB receptor antagonist 2-OH-saclofen (Fig. 14E) . These results suggest that during normal spindle waves the IPSPs possess a strong component mediated through the activation of GABAA receptors, while block of these receptors results in a pronounced enhancement of GABAB receptor-mediated IPSPs.
DISCUSSION
Spindle waves are a synchronized oscillation in thalamocortical networks and normally occur during slow wave sleep and drowsiness. Previous in vivo studies have demonstrated that spindle waves are generated in the thalamus as an interaction between intrinsic membrane properties and neuron interconnections (reviewed by Andersen & Andersson, 1968; Steriade et al. 1993a ). Recording intracellularly from thalamic relay neurons in barbiturate-anaesthetized cats, Andersen & Andersson (1968) found that spindle waves were associated with barrages of IPSPs, some of which were followed by anomalous rebound bursts of action potentials. Andersen & Andersson (1968) speculated that these IPSPs were generated by the activity of local GABAergic 'distributor' interneurons and that the rebound bursts of action potentials were mediated by an unusual rebound property that was activated by the preceding IPSPs. Detailed studies of this rebound potential in vivo by Deschenes and co-workers (Deschenes, Paradis, Roy & Steriade, 1984) and in vitro by Jahnsen & Llina's (1984a, b) revealed it to be a low threshold Ca2+ spike that is de-inactivated upon hyperpolarization, like that (Coulter et al. 1989; Hernandez-Cruz & Pape, 1989; Crunelli, Lightowler & Pollard, 1989) . Intracellular and extracellular recordings in vivo by Deschenes, Steriade and co-workers revealed that the neurons of the nucleus reticularis of the thalamus, which are GABAergic (Houser, Vaughn, Barber & Roberts, 1980) , also discharge strongly during each phase of spindle waves (Mulle et al. 1986 ). The abolition of spindle waves from thalamic relay nuclei naturally or artificially disconnected from the nucleus reticularis led these authors to suggest that the nRt is the source of the IPSPs during generation of spindle waves (Steriade et al. 1985 (Steriade et al. , 1987 . A similar hypothesis has been proposed by others (Buzsaki, 1991) . The ability of intracellular injection of Cl-to reverse spindle wave IPSPs from hyperpolarizing to depolarizing led Deschenes, Steriade and co-workers to propose that these events are mediated by increases in Clconductance through the activation of GABAA receptors ). (Crunelli et ai. 1988; Thomson, 1988 Huguenard & Prince (1994) also suggest that relay neurons regulate [Cl-] i to levels of less than 5 mm. These authors found that despite higher levels of Cl-in the whole-cell recording pipette, the reversal potential of Cl--mediated IPSPs in thalamnic relay neurons was of the order of -94 mV (Huguenard & Prince, 1994) , which is similar, but even more negative, to that reported here. Finally, an additional influence on determination of IPSP reversal potential is that control over distally located synapses may be compromised (Cucchiaro, Uhlrich & Sherman, 1991) , although this is a concern with intracellular recordings both in vivo and in vitro.
During normal spindle waves, the repetitive hyperpolarization of thalamic relay cells by GABAA receptormediated IPSPs results in some of these IPSPs being followed by rebound Ca2+ spikes and subsequently the generation of between zero and six fast Na+-and K+-mediated action potentials. These Ca2+ spike-mediated bursts of action potentials are then truncated by the rate of generation of rebound Ca2" spikes in thalamic relay cells during spindle waves is not random, but rather appears to be quite regular in the frequency range of 0 5-4 Hz. We have previously demonstrated that thalamocortical relay neurons possess the intrinsic ability to generate rhythmic bursts of action potentials in this frequency range, resulting from the interaction of the low threshold Ca2+ current, IT' and the hyperpolarizationactivated cation current, Ih (McCormick & Pape, 1990) . A similar low frequency and intrinsic bursting in thalamic relay cells has been observed in vivo and termed the 'clock-like delta rhythm' of the thalamnus (Curro Dossi, Nufnez & Steriade, 1992) . Comparison of the intrinsic delta rhythm with the rate of rebound Ca2+ spikes in the same neurons during spontaneous spindle waves in vitro or in response to the intracellular injection of repetitive hyperpolarizing current pulses revealed very similar frequencies. We interpret these findings to indicate that the response of thalamic relay cells to the arrival of 6-10 Hz barrages of IPSPs is strongly modulated by the intrinsic propensity of these cells to rebound burst at 0 5-4 Hz, owing to the kinetics and voltage dependence of IT and Jh. Extracellular recordings in vivo, however, indicate that burst firing in relay neurons occurs on a less regular basis than that observed int vitro. This irregularity presumably arises from the presence of activity and oscillations in extrathalamic systems, such as activity in descending corticothalamic cells (see Steriade et al. 1993a, b) . Our intracellular recordings from physiologically or morphologically identified intralaminar interneurons in the LGNd indicate that these cells, for the most part, do not participate in the generation of spindle waves, exhibiting only small (1-4 mV) depolarizing events that do not strongly activate these cells (see Fig. 10 ). These small depolarizing events may represent EPSPs derived from the small number of relay neuron axon collaterals that have been observed in the LGNd (e.g. see T6mb6l, Madarasz, Hajdu, Somogyi & Gerle, 1978; Friedlander et al. 1981; Soltesz & Crunelli, 1992) , although some of the slower components of the depolarization of these neurons may represent changes in [K+] . from the activity of relay neurons. It is interesting that none of the putative intralaminar GABAergic neurons that we recorded revealed IPSPs during the generation of spindle waves, while every relay neuron recorded did exhibit robust IPSPs. Together with the results of the accompanying paper (Bal et al. 1995 (Cucchiaro et al. 1991) . Neurons recorded in the interlaminar regions of the arrival of the subsequent IPSP in the spindle wave. The LGNd behaved in a manner similar to PGN cells during LGNd have demonstrated that these cells are remarkably similar to PGN GABAergic neurons in their synaptic connectivity, including substantial inputs from thalamocortical relay cells and a lack of direct retinal innervation (Montero, 1989) . In this manner, these putative interlaminar GABAergic neurons may form the 'local distributor' neuron proposed by Andersen & Andersson (1968) . Although we do not have sufficient data on these neurons to examine the possibility that they may contribute to the IPSPs occurring in thalamic relay cells during spindle waves, these local neurons by themselves are not able to generate spindle waves, since physical disconnection from the PGN in vitro abolishes spindle waves in the relay lamina of the ferret LGNd (von Krosigk et al. 1993) . Combined with previous morphological examination of local circuit neurons in the
LGNd, our present results suggest that there may be multiple subtypes of local GABAergic neurons, each of which possesses its own unique electrophysiological, pharmacological and anatomical characteristics (e.g. see Montero, 1989) . Absence seizures as a perversion of spindle wave generation Previous extracellular and intracellular recordings of thalamic and cortical neurons in vivo have demonstrated a close relationship between the cellular mechanisms for the generation of spindle waves and those for the generation of absence seizures (Kostopoulos et al. 1981 a, b; Gloor & Fariello, 1988) . In both humans and animals, absence seizures are associated with brief (a few seconds to a couple of minutes) periods of repetitive 'spike-and-wave' discharge in the EEG. Extracellular and intracellular recordings from cortical pyramidal cells and thalamic relay neurons reveal that these cells fire strongly during the 'spike' portion of the spike-and-wave discharge and are hyperpolarized during the 'wave' (Steriade & Yossif, 1974; Giaretta, Avoli & Gloor, 1987) . Extracellular recordings from the GABAergic neurons of the nucleus reticularis thalami reveal that these cells also discharge strongly during each cycle of the spike-andwave discharge, and therefore may be one source of the hyperpolarization of thalamic relay cells during the generation of absence-seizure-like activity (Buzsatki et al. 1988 ). Indeed, the importance of GABAergic mechanisms in the generation of spike-and-wave generalized epilepsy is indicated by multiple studies. (Liu et al. 1992; Snead, 1992 (Hosford et al. 1992 ).
Intrathalamic administration of the GABAB receptor agonist baclofen enhances the occurrence of spike-andwave discharge (Snead, 1992) 
